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Spinal and bulbar muscular atrophy (SBMA) is a motor neuron
disease caused by polyglutamine expansionmutation in the androgen
receptor (AR). Since skeletal muscle mitochondrial dysfunction was
observed in neuromuscular disorders and may play a role in disease
progression, we assessed the effect of mutant AR on the transcription
of mitochondrial proteins in muscle tissue of ten SBMA patients and
of age–gender matched controls. We found a similar expression of AR
in SBMA muscle tissues compare the controls. On the contrary,
immunohistochemistry and western blot analysis revealed a signif-
icant 4-fold increase of AR protein level in the nuclei of SBMA patients
(pb0.01).
When compared with healthy control subjects, patients with
SBMA had similar levels of mRNA and protein of PGC-1a, TFAM,
MnSod as well as a similar amount of mRNA of PGC-1b, ERRa, NRF1,
mitofusin 1 and mitofusin2. Taken together these results show that in
human SBMA skeletal muscle, mutant AR did not affect expression
and presence of mitochondrial proteins. Notably we found a 48%
reduction in mtDNA copy number (pb0.03), compare to controls and
to muscle of eight patients with amyotrophic lateral sclerosis (ALS),
suggesting a speciﬁc involvement of mutant AR in the mtDNA
homeostasis.
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The role of mitochondria in cell death — Regulation of the
pro-apoptotic protein Bak
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Apoptosis or programmed cell death is essential for embryonic
development as well as cellular homeostasis and many other
mechanisms in multicellular organisms. Although many studies have
elucidated several molecular mechanisms of the regulation of
apoptosis and the role of Bax and Bak involved, the detailed mech-
anism remains not fully understood. As Bak is localized at the mito-
chondrial outer membrane it requires continuous regulation to
prevent uncontrolled apoptosis. This is controlled, in part, due to its
associationwith the porin VDAC2. Studies into themode of interaction
between Bak and VDAC2 and aspects to the mechanism of regulation
will be presented.
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Genotype/phenotype correlations in ﬁbroblasts of patients with
pathogenic POLG-mutations
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Mitochondria possess their own double-stranded DNA which is
replicated by an assembly of nuclear encoded proteins including
polymerase gamma (POLG) as the sole replicase, also involved in
mtDNA repair [1].
Pathogenic mutations in POLG are known to be associated with
different neurodegenerative disorders, e.g. Alpers–Huttenlocher
syndrome and CPEO [2,3]. Until now the impact of POLG mutations
on the biochemical phenotype remains enigmatic.
MtDNA copy numbers were determined in ﬁbroblasts of two POLG
patients exhibiting mild to severe clinical phenotypes. The ﬁrst
patient (p1), carrying heterozygous mutations in the linker domain
(p.Arg627Trp; p.Trp748Ser) showed a mild clinical phenotype
whereas the second patient (p2), harboring a homozygous mutation
in the polymerase domain (Arg1096Cys), showed a severe phenotype
(multifocal therapy-refractory epilepsy, reduced mtDNA copy num-
ber and multiple deletions in muscle). Both patients exhibited a slight
but not signiﬁcant decrease in their mtDNA content in ﬁbroblasts.
Measurements of respiration rates (ADP-stimulated) revealed no
signiﬁcant differences in any of the two cell lines compared to
controls.
To examine these ﬁndings in detail, ﬁbroblasts of p2 and a control
line were depleted of mtDNA by long-term treatment with 20 μM
ddC, followed by a repopulation phase. In both phases oxygen
consumption and mtDNA content were measured. During depletion
mtDNA content and respiration rates were signiﬁcantly diminished in
both lines. In contrast to controls, in POLG ﬁbroblasts both mtDNA
copy number and respiration rates remained low during a 65 day
repopulation phase.
Our results strongly indicate that the respiration rates correlate
directly with the mtDNA copy number.
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The hydrolysis of inorganic pyrophosphate (PPi), an ubiquitous
energy-rich metabolite, is required for most anabolic reactions to
proceed. This essential reaction (EC 3.6.1.1) is catalyzed by two major
classes of non-homologous proteins globally named pyrophosphatases
(PPases): the widely-distributed soluble PPases (sPPases) that simply
hydrolyse PPi, and the ion-pumping membrane PPases, H+(or Na+)-
PPases, that couple PPi-hydrolysis to the generation of transmem-
brane electrochemical gradients. sPPases are located in fungal and
animal cells cytosol, and in energy-converting organelles (mitochon-
dria, chloroplasts), but are absent in cytosol of photosynthetic plant
cells, where membrane PPases do work instead of them. These PPases
conform to the simplest class of primary ion pumps known to date,
allowing PPi usage as a “low-cost” energy currency alternative to ATP
[1].
We optimized the heterologous expression of diverse membrane
PPases in yeast by manipulating their N-terminal domains with
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appropriate signal peptides. These N-terminal domains changed the
subcellular distribution of the resulting protein chimeras, targeting
them to speciﬁc cell membranes [2]. Our in vivo studies have shown
that functional complementation of native V-ATPase is better
achieved by a plant H+-PPase directed to endomembranes, and that
only a plasma membrane-targeted archaeal Na+-PPase confers
enhanced sodium tolerance to a hypersensitive Ena1-4 knockout
strain.
We determined the cellular consequences of a deﬁciency in yeast
Ipp1p [3]. This essential sPPase shows a nucleocytosolic localization,
but the biochemical signiﬁcance of this scenario is not known. We
engineered strains expressing this sPPase in the nucleus or in the
cytosol only by merging the IPP1 ORF to a nuclear localization signal
or to a nuclear exclusion signal, respectively. Protein and activity
levels were much higher/smaller when Ipp1p was excluded from/
conﬁned into the nuclear compartment, resulting in the last scenario
in slower growth rates and reduced chronological life-span.
On the whole, our results indicate that subcellular localization
signiﬁcantly affects in vivo functionality of PPases, a diverse protein
group that catalyzes an ancestral and essential biochemical reaction.
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Speciﬁc effects of oxidizer copper (II) ions on Enterococcus hirae
and Escherichia coli cells growth and the FoF1 ATPase activity
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Enterococcus hirae and Escherichia coli grow well under anaerobic
conditions at alkaline pH. It is known that various oxidizers and
reducers affect bacterial growth [1]. The purpose of this study was to
examine the effects of oxidizer copper (II) ions on bacterial growth. In
small concentrations copper ions are required for bacterial normal
activity as they are contained in redox active enzymes, such as
superoxide dismutase. At the same time in high concentrations they
are lethal for cells. It was previously shown in our laboratory [2, 3]
that Cu2+ ions inhibit E. coli and E. hirae growth by increasing lag
phase duration and decreasing speciﬁc growth rate. Similar effects are
observed in our study with E. hirae. It is also revealed that ATPase
activity and proton-coupled transport of these bacteria are inhibited
in the presence of Cu2+ with or without N,N′ -dicyclohexyl-
carbodiimide (DCCD), speciﬁc inhibitor of the FoF1 ATPase, though
stronger effects are observed with DCCD. Such effect may be resulted
by action of this reagent on Eh which in turn regulates FoF1 or by
direct effect on membrane protein thus changing its activity.
Moreover such effects are speciﬁc for Cu2+, as other divalent oxidizer
metal cobalt (II) ions, within the same concentration range, have no
effects on bacterial growth and ATPase activity. Changes in the
number of accessible SH-groups are detected in membrane vesicles
where in case of E. hirae Cu2+ markedly decrease while in case of
E. coli increase the number of accessible SH-groups [4]. In both cases
the addition of ATP increases the amount of SH-groups and Cu2+
blocks this ATP-stimulated increase of these groups. In these bacteria
Cu2+ may have different action mechanisms due to the differences
between membrane structures.
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Background
Murine non-leukemic factor – dependent cell Paterson (FDCP) –
mix is normal hematopoietic cell line of progenitors, strictly
dependant on IL-3 for survival and proliferation. Recently it was
shown that culture of FDCP-mix enriched with cytokines induces
their differentiation, revealing two functionally different cell subsets:
differentiated GR-1+ (granulocytic differentiation marker) quiescent
cells and undifferentiated GR-1− self-renewing actively cycling cells
[1]. In this study our aim was to characterise the energetic proﬁle of
those subpopulations.
Methods
We measured O2 consumption rate (OCR) and extracellular
acidiﬁcation rate (ECAR) using the non invasive Seahorse XF24
extracellular ﬂux analyzer. In order to estimate mitochondrial
contribution to the energetic metabolism, we have used a phar-
macological proﬁling approach, Mito stress test, by combining the use
of three mitochondrial inhibitors (oligomycin, DNP and rotenone).
The ECAR response was analysed in the glycolysis stress test in
order to estimate the main glycolytic cellular parameters. ATP content
was determined by the bioluminescence assay, in the basal state
without the inhibitors (total ATP), in the presence of the glycolytic
inhibitor, iodoacetate, or mitochondrial respiration inhibitor, and
antimycin.
Results
Analysis of mitochondrial activity showed that basal and the
amount oxygen consumption, that is linked to ATP synthesis in the
mitochondria, is higher in GR-1+ cell subset than in GR-1− cells (the
latter was estimated as a response to olygomicin), whereas both
populations reached the same maximal respiration capacity (re-
sponse to uncoupling agent, DNP). Analysis of glycolysis stress test
revealed that undifferentiated GR-1− cells were more glycolytic and
had higher glycolytic capacity compared to the differentiated GR-1+
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